The retention of nitrous oxide in samples of nitrous oxide in air held in disposable plastic syringes, glass syringes and custom-made nylon film bags was studied by means of gas chromatography at intervals of 90 min, 24, 48 and 120 h after filling the containers. After 24 h the nylon bags retained a mean concentration of 94.5% of the original concentration of nitrous oxide. The disposable plastic syringes and glass syringes were unsatisfactory and retained only 80% of the original concentration of nitrous oxide after 90 min. These values decreased to 51% and 31% of the original concentration of nitrous oxide respectively at 24 and 48 h.
Studies of the pollution of operating theatres and dental surgeries with trace concentrations of gaseous and volatile anaesthetic agents have established the need for a simple and reliable technique for the periodic sampling of theatre air during operative procedures. Such multiple sampling should be inexpensive and easy to use. The technique should minimize any loss of gas or extraneous contamination of the sample during the period between collection and analysis in the laboratory (Robinson et al., 1976) .
The present paper reports on the evaluation of four different collection and storage methods for sampling air polluted with nitrous oxide in terms of the above criteria. This study was undertaken to establish a suitable method of obtaining such samples in dental surgeries before analysis by gas chromatography.
MATERIALS AND METHODS
Syringes were used to collect and store premixed standard gas samples in three of the sampling methods evaluated, whilst in the fourth method samples were collected using a syringe and stored in custom-made nylon bags.
Method 1
Preparation of sample container. A 100-mm length of 3-mm i.d. latex tubing was slipped onto the nozzle of each of five disposable 20-ml polystyrene syringes (Gillette Scimitar-Gillette Industries, Middlesex) and five 20-ml disposable polypropylene syringes (Jintan Terumo Company, Tokyo, Japan). With the plungers fully engaged in the barrels, the free ends of the tubing were knotted tightly to seal off the lumen. Residual air in each tube and syringe nozzle was removed by inserting a hypodermic needle through the wall of the tubing and aspirating with a high vacuum pump (Speedivac, Edwards, Crawley, Sussex) for 15 s just before sampling.
Method 2
Commercially available syringe-catheter couplers (Disposable Coupler Type No. 300, Surgimed, 01stykke, Denmark) were modified to hold a 3-mm thick silicone rubber septum in place of catheter tubing by converting the swage-on fitting on the end FIG. 1. A: Section through a syringe-catheter coupler which has been modified to hold a 3-mm thick silicone rubber septum (S). B: Section through the metal septum mount which seals the hole in the nylon bag and holds a 3-mm thick silicone rubber septum (S).
©Macmillan Journals Ltd 1978 of the Luer lock hub (Fig. 1A ). These were fitted tightly to each of five 20-ml disposable polystyrene and polypropylene syringes with the plungers engaged fully in the barrel. Residual air present in the syringe nozzles and septum mount was aspirated with a hypodermic needle and vacuum pump as described previously. The decrease in pressure produced by the aspiration of air from the nozzle and septum mount resulted in the rubber plunger being pressed tightly up against the syringe barrel base by atmospheric pressure. This produced a gas-tight seal which maintained a negative pressure in the syringe nozzle for a period in excess of 1 h.
Method 3
Modified syringe-catheter couplers were fitted similarly to 10 grease-free 20-ml all-glass syringes (Multifit, Becton Dickinson, Ind. Chirurgicas, Brazil) with the plunger engaged fully in the barrel. Residual air present in the syringe nozzles and septum mount was aspirated similarly with a needle and vacuum pump immediately before sampling, as a gas-tight seal between the glass barrel and plunger could not be maintained in these syringes.
Method 4
Nylon sample bags were made from 50-mm wide x 0.05-mm thick tubular autoclavable film (Nylon 6-fusion point 218 °C, Portex, Hythe, Kent). The tubular nylon film was cut into 75-mm lengths and a 6-mm hole was punched through the wall of the film to take a metal septum mount ( fig. 1B ). These mounts were made by modifying standard 0-B.A. brass machine screws in a lathe. The screw head was converted into a flange and a 1.5-mm diameter hole was bored axially through the threaded stem of the screw. Self-adhesive soft plastic annular rings punched out of plasticized p.v.c. adhesive tape (No. 471, 3M Company, Elandsfontein, South Africa) were placed around both sides of the hole in the nylon film to form gaskets and the screw was inserted from the inner side of the tubular film. The flange was then seated tightly on the inner annular plastic ring by means of a washer and nut applied over the external plastic annular ring. The open ends of the tubular nylon film were then heat-sealed to form closed bags ( fig. 2) .
A 3-mm thick silicone rubber septum was placed over the hole at the free end of the threaded screw. A septum cap made by soft soldering a 6-B.A. washer on to an 0-B.A. nut was screwed on to the end of the axially bored machine screw and tightened down on to the septum. The bags were tested for leaks by inflating them under water with a syringe and needle. All air was removed from the bags by aspirating with a syringe and needle and then withdrawing the needle from the septum seal under negative pressure.
Standard mixtures of nitrous oxide approximately 937 p.p.m. (v/v) in air were prepared by allowing an evacuated 320-ml aluminium sampling container (Altec Associates, Arlington Heights, Illinois, U.S.A.) to aspirate room air at atmospheric pressure and then sealing the container and adding 0.3 ml of medical grade nitrous oxide through a silicone rubber septum seal. Fresh samples were mixed after 5 x 20-ml aliquots had been withdrawn from the container with a polypropylene syringe and hypodermic needle. After each gas sample was collected pressure equilibration occurred by entry of a small quantity of air into the sample syringe via the open end of the hypodermic needle. This slight dilution of the concentration of nitrous oxide was not significant as the initial concentration of nitrous oxide in each gas sample was determined immediately after filling each type of sample container.
The 20-ml samples were injected into the respective plastic and glass syringes through the latex tubing and the septae in the modified catheter mounts. Care was taken to withdraw the plungers of the sampleholding syringes to accommodate the samples as they were added. The nylon bags were filled similarly.
The initial concentration of nitrous oxide in all samples was determined with a Pye Unicam Model GCV gas chromatograph immediately after filling the syringes and nylon bags and then at intervals of 90 min and 24,48 and 120 h thereafter. Nitrous oxide was separated using a 2 m x 4 mm borosilicate glass column packed with 80-100 mesh Poropak Type Q (Waters Assoc, Milford, Massachusetts, U.S.A.) at a column temperature of 80 °C. Helium was used as a carrier gas at a flow rate of 25 ml min" 1 . Nitrous oxide was detected with a katharometer, the filament temperature being 180 °C and the detector oven temperature 100 °C. The temperature of the injection port was 150 °C. Peak areas were integrated with a Pye DP88 integrating computer and compared with those of a commercially prepared 100-and 1000-p.p.m. (v/v) nitrous oxide in nitrogen standard (Altec Associates Calibration Gas, Arlington Heights, Illinois, U.S.A.).
Statistical evaluation of the results obtained with the four methods comprised a one-way analysis of variance.
RESULTS
The concentrations of nitrous oxide retained in the different sample containers at the different time intervals were expressed as the mean percentage of the initial concentrations of nitrous oxide recorded in the syringes and bags immediately after filling (table I) .
Of the four sampling methods used, the nylon bags were found to be the most effective containers for storing air samples polluted with nitrous oxide. The 10 nylon bags retained a mean 96.3% and 94.5% of the original concentration of nitrous oxide at 90 min and 24 h respectively. The mean concentration of nitrous oxide then decreased to 74.7% and 62.9% of the initial concentration after 48 and 120 h respectively.
There was significantly less leakage from the nylon bags at all time intervals compared with the other methods (P< 0.001). The mean nitrous oxide concentration in the samples held in the grease-free glass syringes with the silicone rubber septum seal decreased rapidly to a mean concentration of 31.8% of the original concentration after 24 h. The disposable plastic syringes equipped with the silicone rubber septum seal performed better than the glass syringes and retained a mean 51.4% of the initial concentration of nitrous oxide after 24 h. The latex tube-sealed polypropylene syringes retained only a mean 32.4% of the original concentration of nitrous oxide in the gas samples after 24 h which decreased to 17.1% and 1.9% at 48 and 120 h respectively. A similar decrease in nitrous oxide was recorded in the latex-sealed polystyrene syringes at 48 and 120 h. In this group an anomalous result was recorded in the 24-h samples held in the polystyrene syringes. At this stage the concentrations of nitrous oxide were found to be less than those recorded subsequently in the 48-h samples. These values were attributed to technical problems which were experienced with the gas chromatograph and integrating computer on the day the recordings were made. This was responsible for a reduction in the accuracy but not the precision of the concentrations of nitrous oxide recorded. The subsequent close correlation between nitrous oxide retention in the two types of plastic syringe in this group at 48 and 120 h suggests that the 24-h readings recorded in the polystyrene syringes were in fact greater and were probably similar to the 24-h values in the polypropylene syringes.
A similar close correlation in nitrous oxide retention was found in the two types of plastic syringes in the septum-sealed group at the 48-and 120-h sampling intervals.
DISCUSSION
Studies of air pollution in operating theatres and dental surgeries require collection of multiple air samples at different locations to provide data for the assessment of air pollution and the distribution patterns of air pollutants during operative procedures.
In addition to the technical problem of the collection of air samples, it may be not possible to analyse all the samples on the day of collection. Sampling with disposable plastic syringes and glass syringes is associated with inherent problems such as gas leaks and with losses by absorption into plastics, rubber plungers and syringe lubricants in disposable syringes (Robinson et al., 1976) . The rapid loss of nitrous oxide from all the syringes in the 24-h period after sampling in this study supports this contention, although it is not known whether leakage or nitrous oxide absorption were the more important causes of the loss of nitrous oxide in the plastic syringes. However, in this group the silicone rubber septum provided a much better gas seal than did the latex tubing.
The retention of a mean 94.5% of the nitrous oxide in the gas samples held in the 10 nylon bags for 24 h indicated that this sampling system would be satisfactory for multiple sampling procedures in which sample analysis may be delayed by travelling time or laboratory routine or the time taken to analyse a large number of samples by gas chromatography.
The nylon bags are simple and inexpensive to construct and can be re-used many times. They have the added advantage of holding samples at atmospheric pressure in a flexible nylon envelope which eliminates the need for pressure equilibration of samples drawn from rigid-wall containers.
This study has provided evidence of the rapid loss of nitrous oxide from nitrous oxide in air samples stored in disposable plastic and grease-free glass syringes and confirmed the suitability of nylon bags for storing samples of nitrous oxide-polluted air for up to 24 h after sampling. The method is now being employed for studying nitrous oxide pollution in dental surgeries in which nitrous oxide sedation techniques are being used and for monitoring concentrations of nitrous oxide in inhalation chambers used for animal studies on the biological effects of chronic exposure to trace concentrations of nitrous oxide. 
RESUME

SUMARIO
Se estudi6 la retenci6n del 6xido nitroso en muestras de oxido nitroso en aire, contenidas en jeringas plasticas desechables, jeringas de vidrio y bolsas confeccionadas especialmente con pelicula de nildn, valiendose de cromatografia de gas a intervalos de 90 min, a 24, 48 y 120 h de haberse llenado los contenedores. Al cabo de 24 h las bolsas de nilon retuvieron una concentraci6n media de 94,5% de la concentraci6n inicial de 6xido nitroso. Las jeringas de plastico desechables y las jeringas de vidrio no fueron satisfactorias y retuvieron tan solo un 80% de la concentraci6n inicial de oxido nitroso al cabo de 90 min. Estos valores disminuyeron a 51% y 31% de la concentraci6n inicial de 6xido nitroso al cabo de 24 y 48 h respectivamente.
